Short increase of BDNF messenger RNA triggers kainic acid-induced neuronal hypertrophy in adult mice.
Neurotrophin gene expression in adult brain varies according to physiological activity and following brain injury, suggesting a role in neuronal maintenance and plasticity. However, the exact roles and mechanisms of action of neurotrophins in the adult brain are still poorly understood. We have recently demonstrated that neurons of the adult mouse dentate gyrus can develop a conspicuous morphogenetic response to intrahippocampal injection of kainic acid. This response is correlated with long-lasting overexpression of the brain-derived neurotrophic factor gene, suggesting a causal relationship between molecular and structural changes. To test this hypothesis, brain-derived neurotrophic factor messenger RNA were sequestered in vivo by administration of antisense oligodeoxynucleotides. When administered before 20 h post-kainate, antisense oligodeoxynucleotides totally prevented the kainate-induced neuronal hypertrophy, while sense or missense sequences had no effect. On the other hand, the hypertrophic response was observed when antisense administration was begun 24 h post-kainate, indicating an involvement of brain-derived neurotrophic factor messenger RNA in the initiation of structural changes, but not in their evolution. The hypertrophy was blocked by inhibition of tyrosine kinase activities by K252a, suggesting an involvement of Trk high affinity receptors. Administration of human recombinant brain-derived neurotrophic factor without previous treatment by kainate failed to induce any morphogenetic response. These results show that a short activation of the brain-derived neurotrophic factor gene can, in association with neuronal activation by kainate, trigger dramatic and long-lasting morphological changes in adult neurons. A physiological role of brain-derived neurotrophic factor in adult brain could therefore be to link, by autocrine/paracrine action, activation of glutamate receptors and neuronal morphological adaptive responses.